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ABSTRACT

Digital signal processing (DSP) has made significant impact
on the fields of telecommunications, medical technology, in-
formation storage and retrieval, military applications, re-
mote sensing, and man-machine communications. The DSP
Laboratory at Georgia Tech is heavily involved in research
and education in this important area. This paper discusses
the state-of-art DSP software and hardware design educa-
tion (graduate, undergraduate, and continuing education)
being offered by our laboratory, and outlines the guiding
principles and rationale that continue to shape our closely
intertwined research and education goals. Recent curricu-
lum changes at Georgia Tech are also discussed.

1. INTRODUCTION

The DSP Laboratory at Georgia Tech houses 11 faculty,
four research scientists, a few adjunct faculty and post-
doctoral scholars, and over 70 doctoral students in a state-
of-art environment consisting of over seventy workstations,
distributed access to 80 Gbytes of data storage, advanced
video signal processing and real-time rapid prototyping hard-
ware infrastructure together with a modern software design
environment. In a typical year consisting of four academic
quarters, the Laboratory offers 8-10 courses related to sig-
nal processing at the undergraduate (BS) level, and up to
10 advanced DSP courses at the graduate level (MS/PhD).

2. GUIDING PRINCIPLES

Since the Laboratory’s inception, we have adopted the prin-
ciple that a strong education program benefits from a pro-
ductive research program. In return, the strong educational
program further strengthens the research program by pro-
viding excellent graduate students and a means for technol-
ogy transfer to industry. Following this principle, we have
recently extended our course offerings significantly at the
undergraduate level by adding design courses spawned by
our research activities. We now offer an undergraduate spe-
cialization in DSP consisting of 5 courses which culminate
in design projects involving implementation of DSP algo-
rithms for real-time processing and/or application-specific
VLSI design. The graduate DSP curriculum has also been
similarly enhanced.
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Fig 1. The interaction between educational and research
programs, technology drivers and resource needs at Georgia
Tech’s DSP Laboratory.

The synergistic interaction between teaching and re-
search, their drivers and end-results is depicted in Fig. 1.
The drivers of the research program are industry, as well as
state and federal government agencies. These drivers can
be classified into those of resource needs (e.g., qualified per-
sonnel) and technology related issues. Resource needs can
be further classified into three types — (1) design and ap-
plication engineers, (2) system integrators and managers,
and (3) research and development engineers. These needs
are met by BS, MS, and PhD graduates, respectively. Thus
our undergraduate and graduate education curricula have
been developed to provide an appropriate level of training
at the BS, MS, and PhD levels. We classify technology
drivers (from the industry and the government) into one of
the following five categories of applications as adapted from
a 1994 report by the Semiconductor Industry Association:
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DSP Design Technology Drivers:

1. Commodity DSPs: Valued at less than $300, these
include CD players, recorders, VCRs, facsimile and
answering machines, simple signal processing filtering
packages, etc, primarily aimed at the highly compet-
itive mass-volume consumer market.

2. Portable DSPs: Valued at less than $800, these in-
clude portable and hand-held low power electronic
products for man-machine communications, digital
audio, security systems, modems camcorders, indus-
trial controllers, scanners, communications equipment,
DSP boards, etc.

3. Cost-Performance Products: Valued at less than $3000,
these products trade off cost for performance, and
include DSP products such as video teleconferencing
equipment, telecommunications switches, laptops, au-
dio, high performance DSP boards and co-processors,
and DSP CAD packages for hardware/software de-
sign.

4. High Performance DSP Products: Valued at over $8000,
these products include high-end workstations with
DSP co-processors, real-time signal processors, dig-
ital HDTV, radar signal processor systems, avion-
ics and military systems, sensor and data processing
hardware and software systems.

5. Robust DSP Products: ,These are primarily for auto-
motive (under-the-hood) and hostile environments.

Traditional DSP educational programs in the past have
primarily concentrated on the area of high performance
DSP products (primarily in algorithm design and evalua-
tion, with little emphasis on hardware design or implemen-
tation issues). However, the highly competitive and global
nature of the marketplace has caused a shift in this focus,
with challenges for rapid design, high quality, and low cost
being required for all five product categories. A strong ed-
ucational and research program in DSP must, therefore,
meet these resource and technology needs effectively and
in a timely manner, given the rapid changes in the indus-
trial and governmental sectors. Thus the research focus is
changing from purely theoretical areas to more practical
design challenges that are just as intellectually demanding.
Our educational program reflects this changing focus, in an
effort to meet the demands of our technology drivers.

3. DESIGN EDUCATION DRIVERS

We will now discuss a few specific drivers that continue to
shape DSP hardware/software design curriculum at Georgia
Tech’s DSP Laboratory.

3.1. ARPA’s RASSP Program

The Rapid Prototyping of Application Specific Signal Pro-
cessors (RASSP) is an ARPA (Electronic Systems Tech-
nology Office} and US Department of Defense initiative in-
tended to dramatically improve the way complex digital
systems, particularly embedded digital signal processors,
are designed, manufactured, upgraded, and supported. The
target RASSP improvement is at least a four-fold reduction

in the time to go from design concept to fielded prototype.
Equivalent improvements in cost and quality are also tar-
gets. The motivation for the RASSP initiative is the per-
vasive need for affordable embedded signal processors that
are state-of-the-art when they are fielded rather than when
they are first defined [1].

An important RASSP goal is that the technology be
adopted by industry and continue to evolve after the ini-
tiative is completed. A novel Educator/Facilitator (E/F)
program leads this technology transition process. The E/F
effort is led by SCRA, with the DSP Laboratory providing
technical leadership through short courses. The new course
material developed for technical training of the various in-
dustry participants will also be used in our undergraduate
and graduate design curriculum.

In the area of the development of a RASSP education
program, our design education program is aimed at the de-
sign of electronic systems that typically have one or more
boards, a variety of implementation technologies and in-
terfaces, and a wide range of data rates. Since this is an
extremely broad area, the strong RASSP focus on a specific
problem domain (signal processing) is needed to keep the
goals achievable. The overall technical approach is to coor-
dinate improvement efforts in signal processor architecture,
design methodology, and electronic design infrastructure.
Infrastructure includes such items as design automation,
reuse libraries, and enterprise integration.

A new undergraduate senior-level DSP elective course
(EE 4173, to be offered in 1995) and two graduate level
courses (offered Winter/Summer 1994) will be directly in-
fluenced by the RASSP program and its technological deriva-
tives. Please refer to [1] for more information on the RASSP
education curriculum being developed at the DSP Labora-
tory. Three more graduate HW/SW design courses and
five industrial short courses are under development. These
courses will be provided to other universities planning to
upgrade their design education curriculum.

3.2. NSF’s VSP Design Project

Over the past twenty years the Digital Signal Processing
(DSP) Laboratory at Georgia Tech has engaged in exten-
sive research into defining optimal multiprocessor archi-
tectures for certain classes of DSP algorithms [2], under
sponsorship from the Joint Services Electronics Program
(JSEP) and the National Science Foundation (NSF). This
research has resulted in several compilers designed to gen-
erate optimal schedules for algorithms given specific ar-
chitectural properties of the target multiprocessor. It has
also resulted in the design of four multiprocessors, three
of which were constructed. More recently (in 1993) NSF
provided funding to the DSP Laboratory for the design of
a Video Signal Processor (VSP) for real-time video appli-
cations, the Chameleon. The Chameleon is a 64-processor
distributed-memory system with a fully configurable com-
munications architecture. It has been designed to fulfill
several functions in a very cost-effective system. It will
provide a testbed for ongoing research and education on
parallel DSP algorithms, architectures and compilers; it
will provide a general-purpose asynchronous multiprocessor
for more widely-based research into multiprocessor archi-
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tectures and algorithms; and it will provide the capability
to process video and audio in real time. Other applica-
tions include processing of space-time adaptive processing
techniques in the processing of radar images, simulation of
large event-driven systems, and processing of seismic imag-
ing data. This project has significantly influenced the DSP
hardware and software teaching and instructional environ-
ment. The graduate level course in DSP Architectures (EE
6417) has been directly influenced through this continuing
multiprocessor effort, and now the development of the new
undergraduate course (EE 4172) will address some of these
issues for real-time DSP applications.

3.3. ARPA’s Mountaintop STAP Project

In an application arena, one research project with a strong
connection to the graduate educational program is in the
area space-time adaptive processing (STAP) for airborne
radars. In particular, this program is well supported by
graduate courses in Array Processing (EE 6419) and Radar
Signal Processing, as well as topics in the undergraduate
course on Applications of DSP (EE 4171). The primary
objective of this research is the development of practical
algorithms for real-time adaptive nulling and clutter rejec-
tion to facilitate target identification in airborne arrays.
The computational demands of the problem are immense
due to the requirement for simultaneous processing in three
dimensions: range, doppler and direction. One element of
this program is the marriage of mathematical techniques for
adaptive processing with implementation on parallel com-
puter architectures. The computational demands and data
rates found in an adaptive space-time beamforming system
are so severe that one must resort to very high-speed ma-
chines; however, the machine capabilities are limited by the
size and power restrictions imposed on an airborne plat-
form. The interaction between algorithms, architectures
and implementations is an important theme that we are
must address in the education process related to design. On
one level, students must be aware of the hardware trade-offs
that put limits on what is reasonable in an algorithm; on an-
other level, they must learn to use specific design methods
and computer-aided tools for simulating an algorithm and
then creating its implementation rapidly; and finally, some
students must be involved in the creation of those design
tools. The STAP research provides an excellent opportunity
to explore the first two issues through environments such as
MarLAB, Khoros, and Ptolemy, and then take advantage of
results developed in the rapid-prototyping research which
seeks to provide a virtual hardware testing environment.

4. UNDERGRADUATE CURRICULUM

In the past year, the EE curriculum at Georgia Tech has
been restructured into a two-tier system: fundamental courses
taken by all Sophomore and Junior level students, followed
by an “Area of Specialization” consisting of 4-5 courses
molded around a Senior design project course, or courses.
A number of Areas of Specialization have been created, cor-
responding roughly to the major research areas within the
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School of Electrical and Computer Engineering. One of
these is a DSP specialization tailored for undergraduates.
In this regard, our curriculum is unique in that we offer
in-depth training in DSP to undergraduates. In the past,
we had always encouraged certain undergraduates to enroll
in the graduate courses if they wanted to learn more about
DSP before entering graduate school. Now, the area of
specialization changes our focus a bit, because we have de-
fined a new sequence of courses that leads into DSP design
projects, rather than just more theory as found in gradu-
ate classes. Among the courses listed below, the area of
specialization consists of the courses: EE 3340, 4078, 4170,
4171, 4172 and 4173. The design flavor is emphasized in
two implementation courses: EE-4172 which concentrates
on algorithms for real-time implementation, and EE-4173
which treats rapid prototyping and VLSI design synthesis.
Both of the design courses will involve design teams con-
sisting of students with varied backgrounds and interests:
applied math, applications, commercial marketability, and
computer engineering.

4.1. Role of Computer Engineering

The role of computer engineering students and their train-
ing is also well represented in our new design courses. Since
the implementation side of DSP design is relies on a sound
understanding of computer architecture, or real-time I/0
interfacing, or VLSI systems design, the background needed
by undergraduates interested in DSP design is somewhat re-
moved from the traditional EE background, and also a bit
separate from the Applied Math orientation of typical DSP
students who want to continue on into graduate school. In
this regard, we have taken two steps in recent curriculum
revisions to bolster the computer engineering background
of our students. First of all, in the EE curriculum we now
require two introductory CS courses, as well as a course
in digital logic design, and one in basic computer architec-
ture. These will provide the average EE student with a
rudimentary background needed to participate in the type
of implementation courses that we have created for our area
of specialization.

In another curriculum move, we have been active in the
redefinition of the curriculum for the Computer Engineer-
ing degree. All computer engineering students must now
take a new signals and systems sequence that starts with
a Sophomore course in discrete-time systems (i.e., a taste
of DSP), is followed by a traditional circuits course, and
ends with a course in the theory of the Fourier transform.
This approach has two benefits: first, computer engineer-
ing students see, in their first EE course, the relationship
between an application area (DSP) and computer simula-
tion/implementation; second, some students are tempted
to pursue DSP as the logical outgrowth of their interest in
computers. Students coming from this second motivation
will provide our DSP program with a stronger link to im-
plementation. With more and more work being done at
the level of using DSP modules as part of a computer-aided
design environment, we see this strategy as beneficial in
the training of students who pick DSP as an undergraduate
“major.”



4.2. Brief Course Descriptions

The undergraduate DSP curriculum provides a solid foun-
dation in DSP software and hardware design in addition
to the fundamentals of DSP through the following ECE
courses:

EEFE 2200: Introduction to Discrete Time Systems. Analysis
of discrete-time systems, block diagram representation of
systems. Computer-aided analysis and simulation of basic
DSP applications via MATLAB.

EE 3230: Signals and Systems. Fourier Analysis and its
applications to modulation and filtering. For Computer En-
gineering majors only.

EFE 3212: Signals and Systems I. Theory of signals and LTI
systems. Fourier Analysis and applications to modulation
and filtering.

EE 3213: Signals and Systems II. Laplace and Z transforms
for analysis and design of circuits and systems. Sampling.
EE 3340: Random Signals and Noise. Probability. Random
variables. Autocorrelation and power spectrum.

EFE 4078: Digital Signal Processing. Introduction to the

theory and application of DSP. Frequency analysis and DFT.

Random signals. Digital filter structures and design.

EE 4170: DSP Laboratory. Computer-based tools [4] for
filtering and frequency response. Algorithm design. FFT,
spectrum analysis and filter design.

EFE 4171: Applications of DSP. Applications of DSP to
speech, image, radar and adaptive filtering. Emphasis on
computer-based SW design and implementation of DSP sys-
tems for various applications [4].

EE 4172: Real-time DSP Implementation. Programmable
DSPs and SW Design environments. Assembly code devel-
opment, real-time I/O and embedded DSP design within a
host environment.

EE 4178: Design Synthesis of Application-Specific DSPs
Specification and prototyping of DSP systems. Virtual pro-
totyping methodologies for DSP design, architectural opti-
mization, VLSI design synthesis, VHDL-based design using
Synopsys, Mentor, and Compass design automation tools.

5. GRADUATE CURRICULUM

The graduate curriculum, which has traditionally been very
strong, has been further enhanced by applications and im-
plementation (SW/HW) course sequences in the past few
years [3]. The graduate DSP design curriculum consists of
the following courses:

EE 6413: Digital Filters. Design, implementation and ap-
plication of DSP algorithms.

EFE 6414: Advanced DSP. Advanced topics including: para-
metric signal modeling, Wiener filtering and power spectral
estimation.

EE 6415: Digital Processing of Speech Signals. Application
of DSP to design of Speech Applications.

EFE 6416: Multidimensional DSP. Introduction to the the-
ory and applications of multidimensional DSP.

EE 6417: VLSI Architectures for DSP. Design of DSP mul-
tiprocessors, design and prototyping of DSP algorithms,
RASSP technology.

EE 6418: Digital Image Processing. Image Coding, restora-
tion, and enhancement.

EE 6419: Spatial Array Processing. Theory of space-time
signals, adaptive beamforming.

EE 6410: Adaptive Filters. LMS and Recursive Least Squares.
Convergence. Applications.

EF 6420: Time-Frequency Representations for Signal Pro-
cessing. Filter-bank analysis/synthesis design techniques.
EE 6421: Morphological Signal Processing. Non-linear meth
ods for image and signal representation based on mathemat-
ical morphology.

EFE 834z: Radar Signal Processing and Detection. Algo-
rithm design for radar signal processing.

EFE 834y: Rapid Prototyping of Application Specific Signal
Processors. Advanced RASSP methodologies, VHDL-based
system design and verification using Synopsys, Mentor, and
Compass design automation tools.

6. SUMMARY

This paper describes in brief the guiding principles that mo-
tivate the DSP design education content of our curriculum
at the DSP Laboratory at Georgia Tech. Recent technol-
ogy drivers that have influenced our design curriculum are
described, together with a concise snapshot of our under-
graduate and graduate course sequences.

7. ACKNOWLEDGEMENTS

Generous support from the State of Georgia, NSF, ARPA,
JSEP, Texas Instruments, Analog Devices, IBM, NSC, HP,
Lockheed Sanders Inc., Compass Design Automation, Men-
tor Graphics, Synopsys Inc., Star Semiconductor, SCRA,
Viewlogic, ASPI, and i-Logix over the past few years, is ac-
knowledged with gratitude. We also thank our colleagues
and friends (Professors R. Schafer, R. Mersereau, M. Hayes,
M. Clements, M. Smith, P. Maragos, D. Williams, K. Nayebi,
and F. Malassenet) at the DSP Laboratory without whose
invaluable and significant contributions the infrastructure
described in this paper would not have been possible. In-
valuable contributions of Stephen McGrath, Sam Smith,
Lonnie Harvel, David Webb, Stacy Schultz, and Kay Gilstrap
are also gratefully acknowledged. We also thank Vice Presi-
dent for Research Dr. Demetrius Paris and Professor Roger
Webb, our past and present School Directors at Georgia
Tech, for their continuing support and encouragement over
the years.

8. REFERENCES

1. J. Corley, et al, “Introduction to ARPA’'s RASSP
Program,” Proceedings of ICASSP-95, May 1995.

2. T. P. Barnwell, III, V. K. Madisetti, S. McGrath,
“The Georgia Tech Digital Signal Multiprocessor,”
IEEE Trans. on Signal Processing, July 1993.

3. V. K. Madisetti, VLSI Digital Signal Processors; An
Introduction to Rapid Prototyping and Design Syn-
thesis, IEEE Press, 1994. (ISBN 7506-9406-8)

4. C. 8. Burrus, et al, Computer-Based Ezercises in Sig-
nal Processing with MATLAB, Prentice-Hall, 1995.
(ISBN 0-13-219825-8)

2872



